Data about associations between estimated glomerular filtration rate (eGFR) and proteinuria with cardiovascular diseases (CVDs) and all-cause mortality among diabetic population is less described. We aimed to describe these associations in Chinese diabetic population, and investigate the difference between sexes. The study was based on 8,301 diabetic participants in the Kailuan study, who was free of CVDs at baseline. We used Cox proportional hazard models to examine the associations of eGFR and proteinuria with CVDs and all-cause mortality. A stratified analysis by gender was performed. During a median follow-up of 8.05 years, 917 deaths and 813 incident CVDs occurred. Adjusted for all potential confounders, eGFR was associated with all-cause mortality, but not associated with incidence of CVDs. Compared to those with eGFR ≥ 90 ml/min/1.73 m 2 , Participants with eGFR <45 ml/min/1.73 m 2 had 1.50 fold higher risk of all-cause mortality. Adjusted for all potential confounders, proteinuria was associated with risk of both CVDs and all-cause mortality. Additionally, the risk of all-cause mortality by proteinuria was greater in women than that in men. Both lower eGFR and proteinuria are independent risk factors for all-cause mortality in the Chinese diabetic population. Proteinuria conferred excessive risk for CVDs, and especially in women.
studies described the difference between men and women in CVDs and all-cause mortality by eGFR and proteinuria in diabetic population. Moreover, it was somewhat controversial that estimated GFR (eGFR) presented as an independent predictor for CVDs in the general population, especially in women 8, 9 . Accordingly, we aimed to examine the relationships of eGFR and proteinuria with CVDs and all-cause mortality in a large prospective cohort of participants with diabetes, and investigate the difference between sexes.
Results
Baseline Characteristics. The baseline characteristics according to eGFR levels and the present of proteinuria are shown in Table 1 . The mean age of the 8,301 diabetic participants at entry was 56.3 ± 10.5 years. Of them, 81.85% were men, 11.06% had proteinuria. The percentage of participants according to eGFR levels were as following: 28.45% for eGFR ≥ 90 ml/min/1.73 m 2 ; 52.52% for eGFR of 60-89 ml/min/1.73 m 2 ; 14.64% for eGFR of 45-60 ml/min/1.73 m 2 ; 4.38% for eGFR <45 ml/min/1.73 m 2 .
Compared with participants in the high eGFR categoty, participants with lower levels of eGFR were older, more likely to be women, had a higher education level; were less prevalent to smoke, drink and exercise; were more prevalent to have hypertension, dyslipidemia, atrial fibrillation, and use antihypertensive, antidiabetes, and lowering lipid drugs; had lower resting heart rate, body mass index (BMI) and low density lipoprotein (LDL); had higher fasting plasma glucose (FPG), systolic blood pressure (SBP), diastolic blood pressure (DBP), triglyceride (TG), total cholesterol (TC), high density lipoprotein (HDL), uric acid (UA) and creatinine (Cr) (all P for trend <0.05). Compared to participants without proteinuria, those with proteinuria were older, had a higher education level; were less prevalent to drink currently; were more prevalent to have hypertension, dyslipidemia, atrial Associations between eGRF and Proteinuria with CVDs and all-cause mortality. The Kaplan-Meier curves are shown in Fig. 1 . During a median follow-up of 8.05 years, 813 participants had CVDs, and 917 participants died. All the curves separate early and continue to diverge throughout the follow-up period. And participants with lower eGFR categories or proteinuria are more likely to have CVDs or die from all causes over time (log-rank test P < 0.01, for all). Table 2 shows the association between eGFR and CVDs/all-cause mortality. The group of participants with eGFR of at least 90 ml/min/1.73 m 2 was used as the reference group. In unadjusted regression analysis, the risk of CVDs increased sharply with eGFR declining (Crude Model). When adjusted, the relationship between eGFR and CVDs was no longer statistically significant (Model 1, Model 2 and Model 3). While, the risk of all-cause mortality increased with progressive decline of eGFR in both univariate and multivariate regression analyses (all P for trend < 0.05). In the full adjusted model (Model 3), participants with eGFR <45 ml/min/1.73 m 2 had 1.5 fold higher risk of all-cause mortality (95%CI: 1.04-2.15), compared to participants with eGFR ≥ 90 ml/min/1.73 m 2 . Table 2 also shows the association between proteinuria and CVDs/all-cause mortality. Proteinuria significantly increased the risk of CVDs and all-cause mortality in both univariate and multivariate regression analyses. The fully adjusted hazard ratios (HRs) of CVDs and all-cause mortality were 1.27 (95% CI: 1.03-1.56, P < 0.01) and 2.28 (95% CI: 1.92-2.72, P < 0.01), respectively.
Stratified Analysis by Gender. Table 3 shows the stratified analysis by gender for HRs of CVDs and all-cause mortality by eGFR and proteinuria. In the age-adjusted analysis, eGFR was not associated with risk of CVDs in both men and women. So as the multivariate analysis. While, the risk of all-cause mortality increased with eGFR declining in both men and women, whether in age-adjusted analysis or in multivariate analysis (all P for trend <0.05). Compared to participants with eGFR ≥ 90 ml/min/1.73 m 2 , participants with eGFR <45 ml/ min/1.73 m 2 had 1.47 fold higher full-adjusted risk of all-cause mortality in men (95%CI: 1.00-2.18), and 4.26 fold higher full-adjusted risk of all-cause mortality in women (95%CI: 1.38-13.19). However, gender showed no interaction terms with eGFR for CVDs or all-cause mortality (P interaction > 0.05, for both).
In the age-adjusted analysis, proteinuria increased the risk of CVDs in both men and women. And in the multivariate analysis, the relationship remained statistically significant in women, but was no more significant in men. Compared to women without proteinuria, women with proteinuria had 1.92 fold full-adjusted risk of CVDs (95%CI: 1.09-3.40). While, whether in age-adjusted analysis or in multivariate analysis, proteinuria increased the risk of all-cause mortality in both men and women (all P < 0.05). Compared to participants without Table 3 . Stratified analysis by gender for hazard ratios of cardiovascular diseases and all-cause mortality. Abbreviation: eGFR = estimated Glomerular Filtration Rate; CVD = Cardiovascular Diseases. a P interaction of gender and eGFR for CVDs is 0.26; P interaction of gender and eGFR for all-cause mortality is 0.64. b P interaction of gender and proteinuria for CVDs is 0.08; P interaction of gender and proteinuria for all-cause mortality is 0.03.
SCIENTIfIC REPORtS | (2017) 7:17948 | DOI:10.1038/s41598-017-17965-z proteinuria, participants with proteinuria had 2.15 fold full-adjusted risk of all-cause mortality in men (95%CI: 1.79-2.59), and 3.96 fold full-adjusted risk of all-cause mortality in women (95%CI: 2.39-6.57). Gender showed no interaction terms with proteinuria for CVDs (P interaction = 0.08), but significant for all-cause mortality (P interaction = 0.03).
Discussion
In this cohort of Chinese diabetic population, both lower eGFR and proteinuria were associated with all-cause mortality. There was no difference for all-cause mortality by eGFR between men and women. But women had greater risk for all-cause mortality by proteinuria than men. In this diabetic population, eGFR was not an independent risk factor for CVDs, but proteinuria was. There was no difference for this association by proteinuria between men and women.
Previous studies have established the prognostic role of eGFR changes for the cardiovascular mortality and all-cause mortality [10] [11] [12] [13] [14] [15] [16] [17] . In our study, the result of the association between eGFR and all-cause mortality was consistent with previous ones. Most studies reported that eGFR was also associated with higher risk of stroke, myocardial infarction (MI), congestive heart failure, and composite CVDs. However, there was conflicting data as to the relationship of eGFR and CVDs in general population [7] [8] [9] . Some studies found that eGFR couldn't predict the incidence of CVDs. In a large prospective cohort, Kurth T et al. observed no increase in risk of CVDs among women with less severe impairment of kidney function (defined by eGFR) 9, 16 . In the current study, we demonstrated eGFR was not an independent predictor for CVDs in diabetic popualtion. Some researchers attribute the conflicting data in general population to positive studies including patients with existing CVDs or at high risk for CVDs 9 . But how to explain the different results in diabetic population? Also in the diabetic population, some studies found that reduced eGFR increased the risk of incident coronary heart disease and stroke 4, 18 . Racial disparities were observed in the relationship between urinary albumin to creatinine ratio (ACR) and eGFR with incident stroke 7 . Higher ACR was independently associated with higher risk of stroke in black but not white participants. We hypothesized that racial disparities might account for the difference, because our study was conducted in Asians. Further studies are needed to confirm these findings and hypothesis.
In addition to the reduced eGFR, proteinuria is another important marker for kidney injury. It has been regarded as a strong predictor for death due to its significant relations with higher cerebrovascular risk and progressive renal damage. The associations between proteinuria with CVDs and death have been confirmed in general population 11, 19, 20 . In essential hypertensive patients, the associations tend to be more significant 21 . Proteinuria has been reported to increase the risk of CVDs and all-cause mortality in both non-diabetic and type 2 diabetic individuals 22, 23 . But individuals with diabetes have a higher risk than those without 24 . However, the difference between men and women about this association was less explored before. In the present study, diabetic women with proteinuria had a higher risk of all-cause mortality than diabetic men (HR: 3.96 vs 2.15). The result was consistent with outcomes reported by Irie F et al. in Japanese general population: the multivariable relative risk of CVD death for positive vs negative proteinuria was 2.15 among women and 1.38 among men 25 . Similar associations were observed for all-cause mortality 25 . However, in the present study, only 1570 diabetic women were included and the number of incident CVDs and death was small. There may be some bias due to the low outcome incidence. Further studies are needed to confirm this finding.
Limitations of our study should be noted. First, the cohort participants were confined to coal workers in Tangshan city, thus our findings may not be generalized to other Chinese diabetic people. Second, using a single urine collection could be prone to measurement bias because proteinuria measured in a spot urine sample varies from day to day. Third, as mentioned before, there was a low outcome incidence among women participants, which might influence the result that women had a higher risk for all-cause mortality than men. Finally, despite adjusting over 20 confounders in the present study, there are still some unmeasured confounders that may influence the results but did not include. The strengths of this study include the large prospective cohort in diabetic population that allows precise estimations of the independent effect of reduced eGFR and proteinuria on the risk of CVDs and all-cause mortality among men and women.
Conclusion
Our findings suggest that both low eGFR or proteinuria are predictors for all-cause mortality in the Chinese population. Additionally, diabetic patients with proteinuria are at high risk to develop CVDs. For persons with proteinuria, the mortality risk was higher in women than that in men. But this find needs further investigations.
Methods
Study Population. The study population came from the Kailuan study, which is a community-based, prospective cohort study designed to investigate the risk factors and prevention of CVDs in Chinese population. The study's rationale, design and method have been described elsewhere 21, 22 . Briefly, a total of 101,510 residents (aged ≥ 18 years; 81,110 men and 20,400 women) in the Kailuan community of Tangshan City were enrolled between June 2006 and October 2007. Information was collected by questionnaire assessment, clinical examination and laboratory assessment. 9,489 participants were diagnosed with diabetes: with FPG ≥ 7.0 mmol/L, or being diagnosed with type 2 diabetes before, or having used hypoglycemic drugs. Among them, the following participants were excluded: 32 participants who had a history of MI and/or stroke and 456 participants who lacked eGFR and urine dipstick protein assessments at baseline. Therefore, 8,301 participants including 6,794 men and 1,507 women were included in this study.
The study has been approved by the Ethics Committees of Kailuan General Hospital and Beijing Tiantan Hospital, following the guidelines outlined by the Helsinki Declaration. All participants provided written informed consent.
SCIENTIfIC REPORtS | (2017) 7:17948 | DOI:10.1038/s41598-017-17965-z Assessment of eGFR and Proteinuria. Blood and urine samples were both collected in the morning, following an overnight fast (>8 h). The eGFR was calculated from serum creatinine (Scr) using Clinical examination and laboratory assessment were conducted at the 11 community hospitals, and analyzed at the central laboratory of the Kailuan General Hospital. Anthropomorphic parameters such as height, weight, waist, and blood pressure were measured with standard procedure, which have been described previously 28, 29 . BMI was calculated as weight(kg)/height(m) 2 . Hypertension was defined as SBP ≥ 140 mmHg, or DBP ≥ 90 mmHg, or any use of antihypertensive drug, or self-reported history of hypertension. Dyslipidemia was defined as TC ≥ 150 mg/dl, or LDL ≥ 140 mg/dl, or HDL <40 mg/dl, or any use of lipid-lowering drugs, or self-reported history of dyslipidemia.
Outcome Ascertainment. The outcome of interest was incidence of CVDs or death from all causes after baseline screening. CVDs here were defined as occurrence of stroke or MI. Specifically, stroke was diagnosed according to the World Health Organization criteria and confirmed by brain computed tomography or magnetic resonance. MI was diagnosed according to the World Health Organization criteria and confirmed by abnormal levels of cardiac enzymes or diagnostic electrocardiograms.
Participants were followed up by face-to-face interviews at the 11 community hospitals every 2 years. They self reported CVD events. Additional information of outcomes was confirmed by checking discharge summaries from the 11 hospitals and medical records from medical insurance. Subjects who didn't participate the interview of the year would be checked for death from provincial vital statistics offices. Because all participants' health insurance was covered by the Kailuan Medical Group, the impacts of loss to follow-up could be modest 28, 29 .
Statistical Analysis. Means, standard deviation, and percentages were used to describe baseline characteristics. The differences of baseline variables between proteinuria groups were tested by t test, or one-way ANOVA, or χ 2 test, as appropriate. P for trend was calculated across eGFR categories. Kaplan-Meier method was used to calculate the cumulative incidence of CVDs and death over time. Multivariate Cox proportional hazard models were used to examine the associations of eGFR and proteinuria with CVDs and all-cause mortality. The full-model was adjusted for age, gender, education, income level, smoking status, drinking status, physical activity frequency, salt intake, family history of MI, family history of stroke, hypertension, dyslipidemia, atrial fibrillation, use of antihypertensive drugs, use of lowering lipid drugs, use of antidiabetic drugs, resting heart rate, FPG, BMI, SBP, DBP, TG, TC, LDL, HDL, UA, CRP, and Scr. Results were presented as HRs with 95% confidence interval (95% CI). Analyses were repeated after stratification by gender. Tests for trend were conducted in the eGFR categories. Values of P < 0.05 were accepted as indicative of statistical significance. All data was analyzed using the SAS version 9.3 (SAS Institute, Cary, North Carolina).
